A B S T R AC T
Background. Although the prevalence of chronic kidney disease (CKD) is ∼30% in the group of people with diabetes, data on interventions in the very early stage of the disease are still missing. Furthermore, the effects of modifiable lifestyle factors such as nutrition on incidence and progression of CKD in patients with diabetes in Europe remain elusive. Methods. We analyzed whether diet quality and adherence to dietary guidelines using the modified Alternate Healthy Eating Index (mAHEI) score was associated with CKD incidence or progression after 5.5 years in 3088 European participants of the ONgoing Telmisartan Alone and in combination with Ramipril Global Endpoint Trial (ONTARGET) with type 2 diabetes and baseline normo-or micro-albuminuria. Death was considered as a competing risk in the multinomial logit regression models, which were adjusted for age, gender, duration of diabetes, ONTARGET randomization, baseline albuminuria and glomerular filtration rate (GFR). We also estimated the potential impact on population health of improvement in diet quality. Results. At study end, 450 (14.6%) participants had died and 926 (30%) had experienced the renal endpoint of incidence or progression of CKD, of which 422 (13.7%) participants had progressed to micro-or macro-albuminuria, 596 (19.3%) had a GFR-decline of >5% per year and 18 (0.6%) had developed end-stage renal disease. Participants in the healthiest tertile of the mAHEI score had a decreased risk of incidence or progression of CKD (odds ratio 0.8, 95% confidence interval 0.68-0.94) and death (0.65, 0.52-0.81) compared with participants in the least healthy tertile. If individuals with a suboptimal dietary quality (e.g. mAHEI < 28) were able to improve their diet to an mAHEI of 28, 3.2% of CKD incidence or progression and 10.0% of deaths might be avoided in 5.5 years. Conclusions. If the association between diet and these endpoints is causal, then optimizing diet quality in individuals with diabetes who have no CKD or very early CKD would have substantial population benefits in terms of prevention of CKD incidence or progression and mortality in this high-risk population.
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I N T RO D U C T I O N
Chronic kidney disease (CKD) affects ∼8% of the population in the European Union (EU) [1] . However, in high-risk subpopulations, such as the 25 million people >54 years of age with diabetes in the EU, the prevalence of CKD is >30% [2, 3] . The presence of CKD further worsens prognosis of diabetes and all other acute or chronic disorders [4] . Even in early stages, CKD increases the risk of cardiovascular disease, nephropathy, retinopathy, diabetic foot and premature death in people with diabetes. Although many modern-day diseases, such as diabetes or CKD, are mainly associated with changing lifestyle habits and longevity, still >95% of health expenses in the EU are spent on treatment and not invested in prevention [1] . The Europe an Kidney Health Alliance highlights the importance of improving patient education by promoting a healthy lifestyle -eating healthily, not smoking, exercising regularly, controlling stress levels, taking correct doses of medication and ensuring good control of blood pressure and blood sugar [1] .
In the present study, we first evaluated the etiological effects of overall diet quality and dietary patterns on incidence or progression of CKD and mortality in middle-aged individuals from the EU with diabetes mellitus type 2 utilizing data from the ONgoing Telmisartan Alone and in combination with Ramipril Global Endpoint Trial (ONTARGET) [5] [6] [7] . We hypothesized that a healthier diet may slow incidence and progression of CKD in individuals with diabetes, because it has been shown that a healthy diet reduces the cardiovascular risk [8, 9] . Secondly, assuming a causal relationship between dietary risk factors and incidence or progression of CKD, we estimated the population attributable fraction (PAF) for these dietary risk factors [10] . The PAF is defined as the proportional reduction in CKD and mortality that would occur if exposure to a modifiable risk factor was shifted towards an optimal level. In the absence of randomized trials of dietary interventions on incidence or progression of CKD, these estimates may give clues as to what extent CKD and death might be preventable by low-cost dietary interventions in middle-aged individuals with diabetes in the EU. Changes towards healthier dietary habits may not only reduce incidence or progression of CKD but are also medically effective for a variety of diseases [11] .
M AT E R I A L S A N D M E T H O D S

Study design and population
The ONTARGET trial included 25 620 participants, who were aged 55 years or older, diagnosed with vascular disease or type 2 diabetes mellitus with end-organ damage. The participants were randomized to receive telmisartan, ramipril, or both [5] . We included all 3088 European participants with type 2 diabetes, normo-or micro-albuminuria at baseline and without missing information on the renal outcome or confounders.
Assessment of dietary factors
A qualitative food frequency questionnaire was recorded once at baseline to measure the number of servings one regularly consumes for 20 different food groups (Supplementary data, Table S1 ) [9, 12, 13] . Daily protein intake was estimated by assigning a medium serving size to each food item applying the conversion between servings and grams from the US Department of Agriculture Nutrient database [14] . Animal protein consists of protein from meat, poultry, fish, eggs and dairy products, whereas plant protein consists of protein from tofu/soybean curd, legumes, whole and refined grains.
To assess diet quality and adherence to dietary guidelines, the modified Alternate Healthy Eating Index (mAHEI) score was applied [9, 13, 15] . The score reflects the frequency of consumption of eight different food groups as applied by Dehghan et al. but additionally including multivitamins as used by McCullough et al. [9, 15] . Each food group contributes between 0 and 10 points to the mAHEI. Higher values of the mAHEI indicate adherence to dietary guidelines and reflect high intake of healthy foods such as vegetables, fruit, nuts, multivitamins or whole grain and low intake of red and processed meats, transfats and alcohol.
Intake of alcohol was categorized according to the World Health Organization (WHO) criteria into no alcohol intake, moderate or heavy intake [16] . Moderate alcohol intake was defined as 1-12 and 1-18 drinks/week for women and men, respectively; with one drink equaling one glass of wine or beer or 1.5 ounces of hard liquor.
Tweenty-four-hour urinary sodium and potassium excretion were estimated from a fasting morning urine sample [17, 18] .
Study outcome
Kidney function was measured only twice during follow-up (2 and 5.5 years) and therefore, the study outcome was defined as (i) alive with no incidence or progression of CKD after 5.5 years, (ii) alive with incidence or progression of CKD after 5.5 years or (iii) death within follow-up. Incidence or progression of CKD was defined as new micro-or macro-albuminuria, a clinically relevant decline in the estimated glomerular filtration rate (GFR) of >5% per year, or end-stage renal disease (ESRD). New micro-and macro-albuminuria were defined as progression of urinary albumin-creatinine ratio (UACR) of >3.4 and 33.9 mg/mmol, respectively. GFR decline was assessed from GFR measurements at baseline, 2 and 5.5 years. ESRD was defined as GFR <15 mL/min/1.73 m 2 after 5.5 years, or renal replacement therapy for >2 months during follow-up. Estimated GFR was based on the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation [19] . Urinary albuminuria and creatinine were measured at baseline and after 5 years of follow-up. Serum creatinine was measured at baseline and after 5.5 years of follow-up.
Statistical analysis
For descriptive analyses, continuous variables are described by median and interquartile range (IQR), and categorical variables by absolute frequencies and percentages. To avoid disproportional influence of large values, UACR and duration of diabetes (years) were log transformed prior to the analysis.
Since kidney function was only measured twice during follow-up, a discrete time model, the multinomial logit regression model, was used to describe the association of each dietary risk factor with incidence of progression of CKD and death by means of odds ratios (OR) and associated 95% confidence intervals (CI). Therefore, two ORs-OR CKD and OR deathwith accompanying 95% CIs, were estimated for each dietary risk factor; the former compares participants who were alive at the end of the study and experienced an incidence or progression of CKD with participants who were alive without an incidence or progression of CKD; the latter compares participants who died during follow-up with participants who were alive without incidence or progression of CKD at the end of the
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All models were adjusted for the following known confounders at baseline: age, gender, duration of diabetes, ONTARGET randomization arms, albuminuria status (normo-or microalbuminuria), GFR and δ-UACR, which was defined as the difference between the participant-specific cut-point for diagnosis of new micro-or macro-albuminuria and UACR at baseline on the log scale, log(3.4/UACR) and log(33.9/UACR), respectively [13, 21] . For each dietary risk factor, a singlevariable model adjusted for the confounders was fitted. Additionally, one dietary multivariable model with nonoverlapping dietary risk factors adjusted for the confounders was developed. The multivariable model included the number of servings ( per week) of high-carbohydrate foods, vegetables, fruit and fruit juice, as well as animal and plant proteins (g/kg/d), regular consumption of transfat (yes/ no), alcohol (no, moderate or heavy intake), 24-h urinary potassium and sodium (g). The mAHEI was not included in the multivariable model because it is an aggregation of diet variables. Median absolute Spearman correlations among confounders and between confounders and dietary risk factors were assessed: correlations among confounders were low (median 0.07), with the largest absolute correlation of 0.39 between age and GFR; the median absolute correlation between confounders and dietary risk factors was 0.02 with the maximum between gender and potassium (0.28); median absolute correlation among dietary risk factors was 0.06 with the maximum between urinary sodium and potassium excretion (0.27). In a sensitivity analysis, we expanded the set of confounders and additionally included mean arterial blood pressure (mmHg), glucose (mmol/L), use of tobacco (never, former and current use), physical activity (from mainly sedentary to active every day), body mass index (BMI) and highest education (from none to college/university).
Assuming a causal relationship between dietary risk factors and the study outcome, PAFs were estimated for each risk factor: for each patient, the predicted probabilities of incidence or progression of CKD and death were estimated under the observed distribution of the respective risk factor and under an alternative optimal distribution. The sums of these probabilities are estimates of the number of cases of incidence or progression of CKD and deaths expected under the observed exposure scenario and under the alternative scenario. The PAF follows as (cases observed − cases alternative )/cases observed . Adjusted PAFs were derived from models adjusted for the confounders and unadjusted PAFs were derived from univariate models. CIs for PAFs were estimated using the bootstrap percentile method with 1000 resamples.
We considered a two-sided P-value of 0.05 as significant. For all statistical analyses and figure preparation, R version 3.1.2 was used [22] .
R E S U LT S
After 5.5 years of follow-up, 450 (14.6%) participants of the 3088 European ONTARGET participants with type 2 diabetes mellitus had died, and 926 (30.0%) had experienced the renal end point of incidence or progression of CKD of which 422 (13.7%) participants had progressed to micro-or macroalbuminuria, 596 (19.3%) had a decline in GFR of >5% per year and 18 (0.6%) had developed ESRD. Participants' characteristics and dietary details are given in Table 1 and Supplementary data, Table S2 . At baseline, participants had a median age of 65 (IQR 60-70), had diabetes for a median of 9 years (3-16), a median GFR of 72.1 (59.1-85.3), and 78.7% (n = 2429) of them were normoalbuminuric.
The mAHEI score, a measure of overall diet quality, had a median of 23.7 (19.1-28.9). In the adjusted single-variable model, a significant linear association with CKD and death was detected (P CKD = 0.006, P death < 0.001; Figure 1 , Table 2 Participants consumed a median of nine servings (7-14) of fruit and fruit juice per week. In the single-variable model, fruit and fruit juice showed a strong non-linear association with the risk of CKD (P CKD = 0.015) and death (P death = 0.001). Frequent consumption of fruit and fruit juice reduced the risk of CKD [OR CKD 3vs1, 0.76 (0.64-0.92)] and the risk of death [OR CKD 3vs1, 0.67 (0.53-0.84)]. Also in the multivariable dietary model, higher intake of fruit and fruit juice reduced the risk of CKD (P CKD = 0.050) and death (P death = 0.007) similarly (Table 3) .
The median number of servings of vegetables per week was nine (6) (7) (8) (9) (10) (11) (12) (13) (14) . A higher consumption of vegetables was asso- The median number of servings of high-carbohydrate foods per week was 7.7 (2.2-16). The consumption of highcarbohydrate foods was not associated with the risk of CKD or death. Only 38.9% (n = 1201) of the participants were regularly consuming deep fried snacks or fast food, which we used to estimate transfat consumption. Consumption of fried food was not associated with CKD or death. Alcohol was not consumed by 58.3% (n = 1799) and consumed in moderate amounts by 37.8% (n = 1165). Neither in the single-variable model nor in the multivariable model was alcohol consumption associated with the risk of CKD or death.
The median estimated 24-h urinary potassium was 2.2 g (1.9-2.6). Increased potassium excretion was associated with reduced risk of death in the single-variable model and the multivariable model [multivariable model: P death = 0.032; OR death 3vs1, 0.77 (0.61-0.98)], but not the risk of CKD (P CKD = 0.106).
The median estimated 24-h sodium was 5 g (4-6.1). Sodium measurements were not associated with CKD or death.
Associations between the mAHEI and individual food groups with incidence or progression of CKD and death barely changed when we additionally adjusted for lifestyle factors (such as use of tobacco, physical activity and BMI), socioeconomic status (indicated by highest education), glycemic control (i.e. glucose) and mean arterial blood pressure (Supplementary data, Tables S3, S4 and Figure S1 ).
Based on the single-variable models, we calculated PAFs corresponding to improvements in dietary patterns (Table 4) . If individuals with a suboptimal overall diet quality (e.g. mAHEI < 28) were to improve their diet and reach an mAHEI of 28, 3.2% (95% CI, −0.4, 6.9) of the incidence or progression of CKD after 5.5 years and 10.0% (3.8, 16. 3) of deaths might be avoided. An increase of the intake of fruit and fruit juice to at least 14 servings/week would correspond with a PAF of 4.5% (0.2, 9.4) for CKD and 10.57% (3.1, 17.5) for death, an increase in the number of servings of vegetables per week to 14 
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In the present analysis, we showed quantitatively the potential reductions in the risk of CKD and mortality that might be accomplished by a healthier diet. Among middle-aged individuals with type 2 diabetes mellitus from the EU, adherence to dietary guidelines was associated with lower incidence or slower progression of early stages of CKD and lower mortality. The higher the mAHEI score-a measure of diet quality-the lower the risk of incidence or progression of CKD. The mAHEI score rewards a diet rich in fruit, vegetables, whole grains, legumes, nuts and imposes a fine on high intake of alcohol, refined grains and red or processed meats. The Multi-Ethnic Study of Atherosclerosis (MESA) also showed that a diet rich in fruit, whole grains and low-fat dairy food was associated with lower odds of micro-albuminuria in individuals without cardiovascular disease or diabetes [23] . Similarly, the Nurses' Health study supported that a healthier diet, like the DASH-diet, compared with a standard Western diet was associated with less decline of GFR and albuminuria [24] . However, in the Reasons for Geographic and Racial Differences in Stroke (REGARDS) study for individuals with established CKD, a diet favoring plant-based foods was not associated with incidence of ESRD, but it appeared to be protective for mortality [25] . Table 2 . For each dietary risk factor a separate multinomial logit model adjusted with (at study entry) age, duration of diabetes, GFR, status of albuminuria, sex, ONTARGET randomization arms and δ-UACR, which was defined as the difference between the participant-specific cut-point of developing a new micro-or macro-albuminuria and UACR at baseline on the log scale, was derived. OR CKD and OR death compare two individuals with different characteristics in their odds to develop chronic kidney disease (CKD) or to die, respectively. Incidence or progression of CKD was defined as new micro-or macro-albuminuria, a decline in the estimated glomerular filtration rate of >5% per year or ESRD. ORs are given for the median of the 2nd and the 3rd tertile, i.e. 50.0th and 83.3rd percentiles, compared with the median of the 1st tertile, i.e. 16.7th percentile. a Alcohol intake is categorized according to gender-specific WHO guidelines. Moderate intake was defined as 1-12 and 1-18 drinks/week for women and men.
Based on our results on middle-aged individuals with type 2 diabetes from the EU over a period of 5 years, over 3% of CKD cases and 10% of deaths might be prevented by improving diet quality. This intervention is more efficient than effects that have been shown to be achieved with medical therapy alone and is likely cost-effective. It is of note, however, that the concept of PAF assumes a causal relationship between the dietary factors and the outcomes of CKD and death. Such a causal inference can only be shown in interventional studies. But it is very unlikely that an adequately powered interventional study with sufficient follow-up will ever be conducted on this intervention, because of the pragmatic difficulties of conducting large-scale trials of lifestyle interventions. Furthermore, the generalizability of such studies is limited by the fact that those subjects complying with the randomized dietary pattern are likely not representative for the general population.
With regard to the potential impact on population health, if just one dietary component could be changed, then increasing the consumption of fruit may be a promising approach. Although improvements of diet quality may not substantially improve prognosis of CKD for one individual, on a population level, interventions to improve overall diet quality and adherence to dietary guidelines can have visible consequences. Additionally, improving one's diet has a positive effect on a wide range of other conditions, such as cardiovascular disease, and affects management of diabetes [26] . Ley et al. also showed that a healthy diet affects prevention and management of diabetes [27] .
The American Diabetes Association does not recommend a reduced protein intake for individuals with diabetes or kidney disease [28] . Our results also showed that low to very low intake of animal and total protein exhibited an increased risk of incidence or progression of CKD and mortality. For healthy adults, the estimated average protein requirement is 0.66 g/kg/d and the recommended daily allowance is 0.80 [29] . Campbell et al. suggested that protein requirements for older people are not statistically different and estimated an adequate protein allowance to be 0.85 g/kg/d. Participants in this study consumed only a median of 0.53 g/kg/d of total protein.
Our study suffers from the usual limitations of observational studies. The food frequency questionnaire was collected only once at baseline, and might not be representative. Measurement errors in self-reported variables are inevitable. However, misclassifications are expected to be independent of the outcome. The estimated protein intake is lower than we anticipated, and may be underreported. Spot estimates of urinary electrolytes do not accurately reflect 24-h consumption for individuals, but in the analysis of groups and populations it has construct validity. Albuminuria was measured only three times during the study; biological variability may have led to misclassification. However, central analysis of albuminuria reduced technical variability. The PAF presupposes a causal relationship and was only derived for a specific study population. External validity is uncertain because models were derived from a specific population, i.e. participants of the ONTARGET trial. However, given the covariables indicated in Table 1 , it can be appreciated that these values are in excellent agreement with numbers expected for these parameters in a representative general population. All participants received ACEI/ARBs and most were at target blood pressure and were treated according to guidelines with preventive cardiovascular drugs.
Despite limitations of the study design, our analysis has several strengths: the large study population of European citizens that were followed over 5 years is unique and the superb data quality of a precisely conducted large trial represents a major asset. The definition of exposure and outcomes represents quantitative measures and is thus objective. The analysis using a multivariable multinomial logit model accounted for known confounders and dietary risk factor were analyzed as the compound measure of mAHEI. Death was considered as competing risk in all analysis. All dietary risk factors and confounders were collected at baseline and preceded outcomes. The food frequency questionnaire and the mAHEI are validated tools to quantify dietary quality and have been used successfully in other recent studies [9, 12, 15] . Recommendations concerning food groups are epidemiologically more meaningful than recommending specific nutrients [30] . 
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a Alcohol intake was categorized according to gender-specific WHO guidelines. Moderate intake was defined as 1-12 and 1-18 drinks/week for women and men. Dietary guidelines for Americans recommend a maximum sodium intake of 1.5 g/d for people older than 50 [31] . However, O'Donnell et al. showed that an estimated sodium intake between 3 and 6 g/d was associated with a lower risk of death and cardiovascular events [32, 33] .
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In summary, we conclude that dietary education and subsequent changes in diet patterns may be cost-effective tools to reduce the burden of CKD developing and progressing in people with diabetes. These changes would likely have an even larger effect in the prevention of death. However, all recommendations in this paper are based on associational findings, which do not necessarily reflect causality and thus should be taken as such. 
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